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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin radio wave absorbent 
of about 2 mm in thickness which can simply adjust a matching 
frequency without changing material, although radio wave absorbent 
which is used in a VHF band and a UHF band has been applied only to 
a radio wave dark room and the outer wall of a high building, because 
it is thick, 6-8 mm in thickness, heavy, and expensive. 
SOLUTION: Radio wave absorbent 1 has a lamination structure 
constituted of the following in order from the incident side of a radio 
wave; a ferroelectric layer 3 such as barium titanate, a carbonyl iron 
based soft magnetic material layer 2, and a metal plate 4 as a 
short-circuit layer. Symbols U , &epsi;, d, y and Z show complex 
permeability, complex permittivity, thickness, propagation constant, 
and characteristic impedance, respectively. A suffix (a) shows the 
soft magnetic material layer 2, and a suffix (b) shows the 



ferroelectric layer 3. 



* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Claim(s)] 

[Claim 1]A wave absorber which are a VHF band and an object for UHF bands, and is characterized by 
having the laminated structure which provided a ferroelectric layer, a soft magnetic material layer, and a 
short circuited layer sequentially from the incidence side of electromagnetic waves. 

[Claim 2]The wave absorber according to claim 1 having used pitch powder material of a sintered compact 
of barium titanate, or said barium titanate for said ferroelectric layer, and using a carbonyl iron grain child's 
pitch powder material for said soft magnetic material layer 50 to 95%. 

[Claim 3]The wave absorber according to claim 1 which carries out having used a 50 to 95% carbonyl iron 
grain child's 1 .0-4.0-mm-thick pitch powder material to said ferroelectric layer with the feature at a 
sintered compact of 0.1-1.5-mm-thick barium titanate or pitch powder material of said barium titanate, and 
said soft magnetic material layer. 

[Claim 4]The wave absorber according to claim 1 having used pitch powder material of a sintered compact 
of barium titanate, or said barium titanate for said ferroelectric layer, and using a sintered compact of a 
ferrite, or pitch powder material of said ferrite for said soft magnetic material layer. 

[Claim 5]Pitch powder material of a sintered compact of 0.1-1.5-mm-thick barium titanate, or said barium 
titanate to said ferroelectric layer, The wave absorber according to claim 1 using 4.0-1 0.0-mm-thick a 
sintered compact of said ferrite or pitch powder material of a ferrite for said soft magnetic material layer. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the wave absorber used in a VHF band (30 MHz - 300 MHz) 

and a UHF band (300 MHz - 3 GHz). 

[0002] 

[Description of the Prior Art]The absorber of the electric wave currently used in the frequency band 
above-mentioned now is a complex which distributed the sintered compact and this powder of the cubic 
ferrite in resin. These sintered compacts and complexes were as thick as 6-8 mm, and heavily, since it was 
expensive, the application place was restricted to the anechoic chamber, the outer wall of the skyscraper, 
etc. Although about 2 mm and comparison book **** were developed for thickness, as for the complex 
which distributed carbonyl iron in polymer resin, application frequency was restricted to a not less than 
4-GHz thing. In order to obtain the absorber with which consistency frequency differs since the consistency 
frequency from which the return loss of an absorber serves as the maximum is decided by construction 
material, the point that it is necessary to change construction material is also pointed out as another 
technical problem. These reasons are explained below. 

[0003]When the absorber of an electric wave is used for a rear face, having connected too hastily with the 
metal plate, the absorbed remaining electromagnetic waves are reflected and it becomes a rule of thumb of 
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the performance of the absorber of an electric wave that this reflectance is small. The reflectance gamma 
of the electromagnetic waves which entered vertically is gamma=(Z E -Z 0 )/(Z E +Z 0 ). (1) Z E =Z e tanh (gamma e d e ) 
It is given by (2). Z E is the impedance measured toward the direction of a metal plate from the surface of the 
absorber, and Z e , gamma e , and d e are a characteristic impedance of an absorber, a propagation coefficient, 
and thickness here, respectively. Z 0 is a vacuous characteristic impedance. The return loss R is R=20log 
(gamma). It defines as (3). A characteristic impedance and a propagation coefficient set angular frequency 
of electromagnetic waves to omega, and there is the following relation to complex dielectric constant 
epsilon e of an absorber and complex-magnetic-permeability mu e . 

gamma e =omega(mu e epsilon e ) 1/2 (4) Z e =(mu e /epsilon e ) 1/2 (5) from the formula of these. In order to obtain the 
thin absorber of an electric wave with small matching thickness from which return loss serves as the 
maximum, it is understood in gamma e that it is advantageous to use material with big amplitude permeability 
and dielectric constant greatly therefore. 

[0004] J;;. \.t j. ( is a frequency characteristic figure of relative permeability showing the limit (for example, 
physics of a **********:ferromagnetic: ****** 1991) of Snoek in a cubic ferrite. Since amplitude 
permeability decreased so that it is bound to the limit of Snoek and becomes high frequency, as shown in a 
figure, when the above-mentioned cubic ferrite was used about amplitude permeability, an absorber of 6 mm 
or less was not able to be developed. The frequency dispersion of the amplitude permeability of this cubic 
ferrite can be approximated with a following formula. 

mu(f) =mu 0 (1+K/(1+jf/f r )) (6) K=mu ,/mu 0 -1 (7) mu, and mu 0 are initial permeability and the amplitude 
permeability in a vacuum here, respectively. When determining ******** of an absorber, an important 
parameter is the product S of K and f r in the above-mentioned formula (=Kxf r ). 

[0005]D]iJwir^7_shows the result of having asked for the relation between consistency thickness and initial 
permeability by calculation. It is hardly dependent on initial permeability, and consistency thickness is 
mostly decided with the parameter S, and has such low consistency frequency that initial permeability is 
large. In a cubic ferrite, the value of this S is about 6 GHz, and is 8 mm which the consistency thickness 
decided from this value described previously. Since S has a value which is 20 to about 30 in the limit of 
Snoek with the material of a carbonyl iron system which is not restrained, a consistency thickness of 2 mm 
or less becomes possible. However, since initial permeability was obtained only for an 8 or less-about thing, 
the material of a carbonyl iron system had high consistency frequency, and similarly a thin absorber was not 
able to be provided in a frequency domain of several gigahertz or less. 

[0006]prc3wtng 8 is a characteristic figure showing the thickness dependency of return loss frequency 
dispersion. If the return loss R is dependent on the thickness of an absorber and thickness changes as 
shown in a figure, the frequency and the maximal value from which R becomes the maximum will change. 
However, the thickness (consistency thickness) which gives R big enough is restricted, therefore the 
frequency at that time (consistency frequency) was also restricted. In order to obtain the absorber with 
which consistency frequency differs, it is necessary to change the construction material of an absorber. 
[0007] 

[Problem(s) to be Solved by the Invention]This invention is made in view of the above, and is a thing. 
The purpose is to provide the wave absorber for a VHF band and UHF bands which enabled it to adjust 
consistency frequency simple, without changing construction material also including the absorber of 
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lowering the consistency frequency of a thin carbonyl iron system material, and enabling application on 

lower frequency, and a cubic ferrite series. 

[0008] 

[Means for Solving the Problem]In order to attain the above-mentioned purpose, a wave absorber of this 
invention makes it a gist to have the structure where an absorber and ferroelectrics, such as barium 
titanate, which are used from the former, such as a soft magnetic material or a cubic ferrite soft magnetic 
material of a carbonyl iron system, were made to laminate. 
[0009] 

[Embodiment of the Invention]In order to solve an aforementioned problem the wave absorber of this 
invention, Are a VHF band and an object for UHF bands, and sequentially from the incidence side of 
electromagnetic waves A ferroelectric layer, Have the feature to have the laminated structure which 
provided the soft magnetic material layer and the short circuited layer, and to said ferroelectric layer the 
pitch powder material of the sintered compact of barium titanate, or said barium titanate, It has the feature 
to have used the carbonyl iron grain child's pitch powder material for said soft magnetic material layer 50 to 
95%, The sintered compact of 0.1 -1 .5-mm-thick barium titanate [ said ferroelectric layer ], or the pitch 
powder material of said barium titanate, It has the feature to have used the 50 to 95% carbonyl iron grain 
child's 1 .0-4.0-mm-thick pitch powder material for said soft magnetic material layer, To said ferroelectric 
layer, the pitch powder material of the sintered compact of barium titanate, or said barium titanate, It has 
the feature to have used the sintered compact of a ferrite, or the pitch powder material of said ferrite for 
said soft magnetic material layer, It has the feature to have used 4.0-1 0.0-mm-thick the sintered compact 
of said ferrite or the pitch powder material of a ferrite said soft magnetic material layer for said ferroelectric 
layer. [ material / of the sintered compact of 0.1 -1 .5-mm-thick barium titanate, or said barium titanate / 
pitch powder ] 
[0010] 

[Example] Hereafter, one example of this invention is described based on a drawing. Drawing] is structural 
drawing showing the most fundamental structure of the wave absorber of this invention. As for a wave 
absorber and 2, in a figure, a ferroelectric layer and 4 are the metal plates as a short circuited layer a soft 
magnetic material layer and 3 1 . In the wave absorber 1 of the structure shown in a figure, the impedance 
shown in the formula 2 is rewritten like a following formula. 
Z A = (Za tanh(gamma a d a )+Z b tanh (gamma b d b )) 

/(1+(Za /Z b ) tanh(gamma a d a ) tanh (gamma b d b )) (8) Here Z a , gamma, and d a — the characteristic impedance 
of the soft magnetic material layer 2, and a propagation coefficient — and thick — come out and it is — Z b , 
gamma b , and d b — the characteristic impedance of the ferroelectric layer 3, and a propagation coefficient — 
and thick — it comes out. As a result, consistency frequency and consistency thickness serve as a 
different value for a while from the case of a soft magnetic material simple substance. 
[001 1]Drawing 2 is a frequency characteristic figure of return loss showing the simulation result of the 
return loss frequency dispersion in the wave absorber of this invention. A figure shows one example of the 
result of having asked for the frequency dispersion of the return loss of the wave absorber 1 by calculation. 
The amplitude permeability of the soft magnetic material layer 2 and a dielectric constant were calculated 
using the value of the material (with initial permeability 8.0, consistency 1.5 mm in thickness, and a 
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consistency frequency of 4.1 GHz material) of a carbonyl iron system. The ferroelectric layer 3 was used as 
the material of the relative permeability I and the specific inductive capacity 500. Consistency frequency 
becomes low as the thickness of the ferroelectric layer 3 increases. That is, in this example, the thickness 
of the ferroelectric layer 3 serves as consistency frequency of 1.8 GHz in 0.1 mm, and serves as 
consistency frequency of 900 MHz in 0.5 mm. The thickness of the soft magnetic material layer 2 which 
gives a match condition is the same value as the consistency thickness at the time of hardly changing, even 
if the ferroelectric layer 3 was added, but using it alone. 

[001 2] Drawing 3 \s a figure showing the dielectric constant and thickness dependency of a ferroelectric of 
change of consistency frequency in the wave absorber of this invention. The thickness of the ferroelectric 
layer 3 required as shown in a figure, in order for the drop width of consistency frequency to become so 
large that the thickness or the dielectric constant of the ferroelectric layer 3 is large and to obtain the drop 
width of the same consistency frequency is in inverse proportion to the dielectric constant. This shows that 
the value of consistency frequency can be adjusted easily by changing the thickness of the ferroelectric 
layer 3. 

[0013][Example 1] Drawing 4 is a characteristic figure in the 1st example of this invention which comprised 
1 .5-mm carbonyl iron rubber and 0.5 mm of barium titanate. 1 .5-mm 50 to 95% carbonyl iron rubber is used 
as the soft magnetic material layer 2. In a figure, A of a black dot seal shows the return loss of the wave 
absorber constituted using the sintered compact of 0.5 mm of barium titanate as the ferroelectric layer 3. In 
the same 900 MHz as a calculation result, return loss of 29 dB is obtained and it became possible to realize 
a 2-mm-thick wave absorber in a UHF band. In the case of pitch powder material 0.5mm, the solid line B is 
the characteristic in case there is no white round mark C of three ferroelectric layer. As the soft magnetic 
material layer 2, 50 to 95% carbonyl iron rubber and a barium titanate sintered compact may be sufficient, or 
the pitch powder material may be sufficient. 

[0014][Example 2] Drawing 5 is a characteristic figure in the 2nd example of this invention which comprised 
a ferrite and barium titanate. The return loss at the time of making the sintered compact of barium titanate 
laminate is shown in the wave absorber of a ferrite sintered compact. Even if it used the sintered compact 
of the same ferrite, the wave absorber of various consistency frequency was obtained only by changing the 
thickness of a barium titanate sintered compact. A ferrite sintered compact and the sintered compact of 
barium titanate may be sufficient, and the pitch powder material may be sufficient. 
[0015] 

[Effect of the Invention]As explained above, the wave absorber by this invention, Since it was considered as 
the laminated structure which provided the ferroelectric layer, the soft magnetic material layer, and the 
short circuited layer sequentially from the incidence side of electromagnetic waves, The consistency 
frequency of a carbonyl iron system material with thin consistency thickness is lowered, application on 
lower frequency is enabled, and the wave absorber for a VHF band and UHF bands which enabled it to adjust 
consistency frequency simple can be provided, without changing construction material also including the 
absorber of a cubic ferrite series. 
[Brief Description of the Drawings] 

[Drawingjjilt is structural drawing showing the most fundamental structure of the wave absorber of this 
invention. 
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[Drawing; 2] It is a frequency characteristic figure of return loss showing the simulation result of the return 
loss frequency dispersion in the wave absorber of this invention. 

|j>8wng_J]It is a characteristic figure showing the dielectric constant and thickness dependency of a 
ferroelectric of change of consistency frequency in the wave absorber of this invention. 
jjDrawing^ is a characteristic figure in the 1st example of this invention which comprised 1.5-mm 
carbonyl iron rubber and 0.5 mm of barium titanate. 

[Drawing 5] It is a characteristic figure in the 2nd example of this invention which comprised a ferrite and 
barium titanate. 

.[!^r.s.VHiOI..I-i It is a frequency characteristic figure of relative permeability showing the limit of Snoek in a 
cubic ferrite. 

iDliM.r&JLJThey are consistency thickness and consistency frequency and initial permeability, and a 
characteristic figure showing a relation with the parameter S. 

©JM'iOfe^SlIt is a characteristic figure showing the thickness dependency of return loss frequency 
dispersion. 

[Description of Notations] 

1 Wave absorber 

2 Soft magnetic material layer 

3 Ferroelectric layer 

4 Metal plate 

The complex dielectric constant of epsilon a soft magnetic material layer 

The complex dielectric constant of epsilon b ferroelectric layer 

gamma Reflectance of electromagnetic waves 

The propagation coefficient of gamma a soft magnetic material layer 

The propagation coefficient of gamma b ferroelectric layer 

The propagation coefficient of gamma e absorber 

Amplitude permeability in mu 0 vacuum 

mu, initial permeability 

Complex magnetic permeability of mu a soft magnetic material layer 
Complex magnetic permeability of mu b ferroelectric layer 
Thickness of d a soft magnetic material layer 
Thickness of d b soft magnetic material layer 
Thickness of d e absorber 
R Return loss 

The characteristic impedance of Z 0 vacuum 
Impedance of Z A absorber 

The characteristic impedance of Z a soft magnetic material layer 
The characteristic impedance of Z b ferroelectric layer 
Impedance of Z E absorber 
The characteristic impedance of Z e absorber 
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